Abstract
accelerated accumulation of -amyloid plaques in the brain to be a key risk factor associated with AD. Consequently, the detection of individual -amyloid plaques in vivo by single photon emission tomography (SPECT) or positron emission tomography (PET) should improve the diagnosis of and also accelerate the discovery of effective therapeutic agents for AD [1] [2] [3] [4] . Many PET/SPECT probes for imaging -amyloid based on Congo Red, thioflavin T, and DDNP have been reported. Among them, [ 17, 18 have been tested clinically and demonstrated potential utility.
There are more SPECT scanners than PET imaging devices installed for routine clinical imaging, which provides a certain advantage to using SPECT imaging agents. Since SPECT is more valuable than PET in terms of routine diagnostic use, the development of more useful Aβ imaging agents for SPECT has been a critical issue. Although many radioiodinated SPECT imaging agents for detecting β-amyloid plaques have been reported, there are few reports on the development of 99m Tc imaging agents.
Ono et al. 4/38 99m Tc (T 1/2 = 6.01 h, 141 keV) has become the most commonly used radionuclide in diagnostic nuclear medicine for several reasons: it is readily produced by an 99 Mo/ 99m Tc generator, the gamma-ray energy it emits is suitable for detection, and its physical half-life is compatible with the biological localization and residence time required for imaging. Its ready availability, essentially 24 h a day, and easiness of use make it the radionuclide of choice. New Tc-labeled imaging agents will provide simple, convenient, and widespread SPECT-based imaging methods for detecting and eventually quantifying-amyloid plaques in living brain tissue.
It has been reported that a dopamine transporter imaging agent, [ Tc imaging agent that can penetrate the blood-brain barrier via a simple diffusion mechanism and localize at sites in the central nervous system. Based on this success, efforts were made to search for comparable 99m Tc imaging agents that target binding sites on -amyloid plaques in the brain of AD patients. Several 99m Tc-labeled imaging probes have been developed (Figure 1 ), but no clinical study of them has been reported [19] [20] [21] [22] .
Recently, we have reported that flavonoids including chalcone, flavone, and aurone serve as useful molecular scaffolds in the development of imaging agents for β-amyloid plaques in the brain [23] [24] [25] [26] [27] [28] . Initially, we designed and synthesized four in Schemes 1 and 2. The chelation ligand (BAT) were synthesized according to methods reported previously with some slight modifications (26) . The most useful method of preparing flavones is known as the Baker-Venkataraman transformation 23 . A hydroxyacetophenone was first converted into a benzoyl ester (1) which was then treated with a base, forming a 1,3-diketone (2). Treatment of this diketone with acid led to the generation of the desired flavone (3). The free amino derivative 4 was readily prepared from 3 by reduction with SnCl 2 (92% yield). Conversion of 4 to the dimethylamino derivative 5 was achieved by a method reported previously (83% yield).
5 was converted to 6 by demethylation with BBr 3 in CH 2 Cl 2 (40% yield). The reaction of dibromopentane with 6 produced the flavone derivative 7 with a trimethine group. were prepared through a reaction with (PPh 3 ) 2 (Table 2) . A biodistribution study provides important information on brain uptake. The ideal probe for imaging -amyloid should penetrate the blood-brain barrier well enough to deliver a sufficient dose into the brain while clearing rapidly from normal regions so as to achieve a high signal to noise ratio in the AD brain. Previous studies suggest that the optimal lipophilicity for entry into the brain is obtained with log Tc-chalcone derivative was synthesized according to a method reported previously.
Compounds 9 and 19 were proven by this method to show >95% purity.
Chemistry

2-Acetyl-4-methoxyphenyl 4-nitrobenzoate (1).
To a stirring solution of 2'-hydroxy-5'-methoxyacetophenone (1.66 g, 10 mmol) in pyridine (25 mL) was added 4-nitrobenzoyl chloride (1.86 g, 10 mmol). The reaction mixture was stirred at room temperature for 3 h, and poured into a 1 M aqueous HCl / ice solution with vigorous stirring. The precipitate that formed was filtered and washed Hydroxy-5-methoxyphenyl)-3-(4-nitrophenyl)propane-1,3-dione (2) .
1-(2-
A solution of 1 (2.66 g, 8.45 mmol) and pyridine (25 mL) was heated to 50 , and pulverized potassium hydroxide (2.37 g, 42.3 mmol) was added. The reaction mixture was stirred for 90 min, and when it had cooled, a 10% aqueous acetic acid solution was added. The yellow precipitate that formed was filtered to yield 2 (2.08 g, 78% yield). Hz, 2H), 11.50 (s, 1H).
6-Methoxy-2-(4-nitrophenyl)-4H-chromen-4-one (3).
A mixture of the diketone 2 (2.08 g, 6.59 mmol), concentrated sulfuric acid (2 mL), and glacial acetic acid (30 mL) was heated at 100 for 2 h and cooled to room temperature.
The mixture was poured into cold water, and the resulting precipitate was filtered to yield 3 (1.98 g, 100%). 
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2-(4-Aminophenyl)-6-methoxy-4H-chromen-4-one (4).
A mixture of 3 (1.98 g, 6.67 mmol), SnCl 2 (6.33 g, 33.4 mmol), and EtOH (20 mL) was stirred at 100 for 1 h. After the mixture had cooled to room temperature, 1 M NaOH was added until the solution became alkaline. After extraction with ethyl acetate, the combined organic layers were dried over Na 2 SO 4 and filtered. The solvent was removed to give 1.63 g of 4 (92% yield). 
2-(4-(Dimethylamino)phenyl)-6-methoxy-4H-chromen-4-one (5).
To a mixture of 4 (1.63 g, 6.08 mmol) and paraformaldehyde (1.82 g, 60.8 mmol) in AcOH (25 mL) was added NaCNBH 3 (1.91 g, 30.4 mmol) in one portion at room temperature. The resulting mixture was stirred at room temperature for 1.5 h, and the addition of 1 M NaOH was followed by extraction with CHCl 3 . The organic layer was dried over Na 2 SO 4 . The solvent was removed, and the residue was purified by silica gel chromatography (CHCl 3 : MeOH = 49 : 1) to give 1.48 g of 5 (83% yield). 
6-(3-Bromopropoxy)-2-(4-(dimethylamino)phenyl)-4H-chromen-4-one (7).
To a solution of 6 (342 mg, 1.22 mmol) in acetonitrile (20 mL) were added 1,3-dibromopropane (0.248 mL, 2.43 mmol) and K 2 CO 3 (1 g). The reaction mixture was heated to reflux for 4 h. When the acetonitrile had evaporated, the residue was poured into a saturated NaCl solution. After extraction with CHCl 3 , the organic layer was combined and dried with Na 2 SO 4 . The mixture was concentrated, and purified by silica gel chromatography (CHCl 3 : CH 3 OH = 199 : 1) to give 312 mg of 7 (64% yield). 
Compound 8 (Tr-BAT-C3-FL).
To a solution of 7 (529 mg, 1.27 mmol) and Tr-Boc-BAT (847 mg, 1.11 mmol) in DMF (20 mL) was added DIPEA (2 mL). The reaction mixture was heated to reflux for 12 h.
After the solvent had evaporated, the residue was purified by silica gel chromatography (using CHCl 3 and then ethyl acetate : hexane of 1 : 1) to give 57 mg of 8 (5% yield). 
Compound 10 (Re-BAT-FL).
To a solution of 8 (49 mg, 0.045 mmol) in TFA (2 mL) was added triethylsilane (0.1 mL) and mixed, and then the solvent was removed under a stream of nitrogen gas. The residue was resolved in a mixed solvent (22 mL, CH 2 Cl 2 :CH 3 OH = 10:1), was added (Ph 3 P) 2 
Methyl 2-((ethoxycarbonyl)methoxy)-5-methoxybenzoate (11).
To a solution of methyl 5-methoxysalicylate (1.49 mL, 10 mmol) in acetone (10 mL) were added K 2 CO 3 (1 g) and ethyl bromoacetate (1.49 mL, 13.5 mmol). The mixture was stirred for 4 h under reflux. When the solvent had evaporated, the residue was dissolved in water. After extraction with ethyl acetate, the organic layer was dried over Na 2 SO 4 . Evaporation of the solvent gave 2.90 g of 11 (100%). 
2-(Carboxymethoxy)-5-methoxybenzoic acid (12).
To a solution of 11 (2.90 g, 10.8 mmol) in methanol (10 mL) was added 10% aqueous KOH (10 mL). The mixture was stirred for 2 h at room temperature. The product formed by adding 1 M HCl was filtered to give 2.25 g of 12 (100%). 
5-Methoxybenzofuran-3-yl acetate (13).
A mixture of acetic anhydride (30 mL), acetic acid (6 mL), anhydrous sodium acetate (1.5 g), and 12 (865 mg, 3.82 mmol) was heated to reflux for 6 h. Water was added, and after extraction with ethyl acetate and drying of the organic layer over Na 2 SO 4 , the solvent was removed, and the residue was purified by silica gel chromatography (ethyl acetate : hexane = 1 : 4) to give 687 mg of 13 (87%). 
5-Methoxybenzofuran-3(2H)-one (14).
A mixture of 13 (815 mg, 3.95 mmol), methanol (10 mL), water (5 mL), and 1 M HCl (2 mL) was heated to reflux for 5 h, and allowed to cool to room temperature. Water To a solution of 16 (432 mg, 1.54 mmol) in acetonitrile (25 mL) were added 1,3-dibromopropane (0.313 mL, 3.07 mmol) and K 2 CO 3 (1 g). The reaction mixture was heated to reflux for 4 h. When the acetonitrile had evaporated, the residue was poured into a saturated NaCl solution. After extraction with CHCl 3 , the organic layer was combined and dried with Na 2 SO 4 . The mixture was concentrated, and purified by silica gel chromatography using CHCl 3 to give 410 mg of 17 (66% yield). 
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Compound 18 (Tr-BAT-AR).
To a solution of 17 (410 mg, 1.02 mmol) and Tr-Boc-BAT (728 mg, 0.952 mmol) in DMF (20 mL) was added DIPEA (0.4 mL). The reaction mixture was heated to reflux for 12 h. When the solvent had evaporated, a saturated NaCl solution was added and after extraction with CHCl 3 , the organic layers were combined and dried with Na 2 SO 4 .
Evaporation of the solvent gave a residue which was purified by silica gel chromatography (using CHCl 3 and then ethyl acetate : hexane of 1 : 2) to give 176 mg of 18 (16% yield). 
Compound 20 (Re-BAT-AR).
To a solution of 18 (54 mg, 0.050 mmol) in TFA (2 mL) was added triethylsilane (0.1 mL) and mixed, and then the solvent was removed under a stream of nitrogen gas. The residue was resolved in a mixed solvent (22 mL, CH 2 Cl 2 :CH 3 OH = 10:1), and (Ph 3 P) 2 ReOCl 3 (83 mg, 0.100 mmol) and 1 M sodium acetate in methanol (4 mL) were added. The reaction mixture was heated to reflux for 6 h, then cooled to room temperature. Ethyl acetate (60 mL) was added and the mixture was filtered. Evaporation 
In vivo biodistribution in normal mice
The experiments with animals were conducted in accordance with our institutional guidelines and approved by the Nagasaki University Animal Care Committee. A saline solution (100 µL) of radiolabeled agents (1. 
Neuropathological staining of model mouse brain sections
The Tg2576 transgenic mice (female, 30-month-old) were used as the Alzheimer's model. After the mice were sacrificed by decapitation, the brains were immediately removed and frozen in powdered dry ice. The frozen blocks were sliced into serial sections, 10 mm thick. Each slide was incubated with a 50% EtOH solution (2.5-10 µM) of 10 and 20 for 2-9 h. The sections were washed in 50% EtOH for 5 min two times, Nakayama.
